Three-dimensional flow measurements using LDV system were obtained in the exit region of a radial inflow turbine at an off-design operating condition. The measurements reveal a complex flow pattern near the tip region at the rotor exit due to the interaction of the tip clearance flow. The effect of the rotor on the exit flow field is observed in the proximity of the rotor exit. Steady axisymmetric, compressible, turbulent flow computations with a two equation turbulence model were performed using the PARC code for the meridional flow in the radial turbine exit region. The computational results obtained in the meridional plane are compared with the experimental results, which are correlated to the rotor blade rotation in the exit region of the radial turbine.
INTRODUCTION
The increasing applications of the radial turbines necessitate better understanding of the flow behavior in order to optimize the design and minimize the losses. As part of an on-going research program on radial inflow turbine at the University of Cincinnati, Malak et al. [1986] measured the detailed flow field in the scroll cross-sections of a radial turbine using LDV system. Eroglu and Tabakoff [1989] investigated the flow field in the nozzle guide vane and Lakshminarasimha et al. [1989] reported the flow measurements in the vaneless free vortex region. All these investigations were performed without the rotor, which was replaced by an aluminum body of revolution. Recently Pasin and Tabakoff [1992] the flow field inside the inlet guide vanes of the radial inflow turbine with the rotor. They observed the periodicity of the flow field in the inlet guide vane passages with the rotor revolution. Later, Pasin and Tabakoff [1993] performed flow measurements inside the rotor of the radial turbine.
The radial turbine exit flow field has been studied by some investigators such as Kof,(key et al. [1972] ,
Mclallin et al. [1980] and Szewczuk [1989] . Researchers like Rohlik et al. [1970] and Japikse et al. [1979] have reported in detail the performance of radial turbine exhaust diffusers. Zangeneh et al. [1988] compared the flow measurements and three-dimensional viscous computations of the flow field in. a low speed radial inflow turbine including the turbine exit region. Kitson [1992] performed a detailed assessment of the various computational methods for the aerodynamic investigation of radial turbines.
In the present investigation, detailed flow measure- 
LDV System
The measurements were accomplished with a three component LDV system as shown in Fig. 1 [1981, 1984] . The uncertainty interval of a measured quantity can be related to the sample size as follows (Snyder et Table II . 
Results and Discussion

Experimental Results
Referring to Fig. 4 , the LDV measurements downstream of the radial turbine rotor were obtained in the cross-sectional planes (A, B and C) and also in the meridional plane. Fig. 4a shows three-dimensional sketch of the turbine exit region with the measurement cross-sectional planes. All the experimental results reported in this paper were obtained at a constant mass flow rate of 0.055 kg/s (0.121 lb/s) and a constant turbine speed of 1000 rpm. Fig. 5 . The mean velocity components presented in the plots are the absolute velocity components in the tangential, radial and axial directions from mid-passage to mid-passage, covering one rotor blade passage.
The results obtained in the first cross-section A, which is located at 2.54 mm (0.1") downstream of the rotor exit are explained in this paragraph. According to the tangential velocity contour plot, shown in Fig.  6(a) , the tangential velocities of the fluid exiting along the pressure surface are higher compared to those along the suction surface. Near the tip region, gross under turning of the flow is observed at the exit of this exducerless radial turbine and hence the degree of swirl is very high near the tip region. This observation is in good agreement with the results of Kitson [1992] . The work extracted from the fluid as determined from the velocity triangles at the rotor inlet and exit leads to the fact that the high degree of swirl near the tip region drastically reduces the work loading in that region and is hence detrimental to the overall performance. The radial velocity contours, presented in Fig. 6(b) , show that there is a general radially inward movement (towards the rotor hub) of the flow due to the loss of the centrifugal force as the flow leaves the rotor. This phenomenon is also reported by Kitson [1992] . The radial velocities are generally low throughout the cross-section except near the pressure surface tip corner region, which may be due to the possible increased interaction of the tip clearance flow with the main flow. It is possible that the mixing of the tip clearance flow with the main flow is enhanced near the pressure surface since the streamwise momentum of the flow near the pressure surface is low, which is also evidently seen in the mean velocity vector plot in the meridional plane along pressure surface in Fig. 9(a) . The axial velocity contours are shown in Fig. 6 (c) and they are higher along the suction surface than those along the pressure surface. The next set of results, Fig. 7(a) through Fig. 7(c) , were obtained at the cross-section B, which is located at 7.62 mm (0.3") downstream of the rotor exit. The tangential velocity contours, shown in Fig. 7(a) Fig. 8(a) . They are almost uniform along the tangential direction at each radial location and the levels of the tangential velocities are less than those of the cross-section B. Comparing the tangential velocity contour plots of the three cross-sections, it can be noted that the degree of swirl decreases in the downstream direction. The radial velocity contours, shown in Fig.  8(b) , are generally low throughout the cross-section. The radial velocities near the hub along mid-passage are slightly negative due to the wake behind the hubend. The wake generated behind the hub-end blocks the flow near the duct centerline and deflects the main flow slightly in the radially outward direction. The axial velocity contours as shown in Fig. 8(c) The measured meridional flow velocity vectors for three different rotor blade positions are presented in Figures 9(a) through 9(c). Fig. 9(a) shows the meridional velocity vector plot in a plane aligned with the blade pressure surface. Due to the low meridional velocities near the pressure surface, it is possible for the tip clearance flow to penetrate deep in the radial direction and mix with main flow near the tip region. The meridional velocity vector plot in a plane aligned with the rotor mid-passage is shown in Fig. 9(b) . The meridional velocity vectors in a plane aligned with the blade suction surface are shown in Fig. 9(c) . Comparing Figures 9(b) and 9(c) with Fig. 9(a) due to the blockage caused by the wake region behind the hub-end and the boundary layer on the duct wall. Figures 9(a) through 9(c) blade influence diminishes further downstream of the straight portion of the hub, alter which the flow field is similar for all rotor blade positions.
Computational Results and Comparison
The computed axisymmetric flow field vector plot, obtained from the PARC code in the turbine exit region near the rotor exit, is shown in Fig. 10 . In this figure, the separation behind the rotor hub is clearly captured. However, the effects of the tip clearance flow and the rotor rotation were not simulated in the predictions.
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